Patient-physician interactions significantly contribute to placebo effects and clinical outcomes. While the neural correlates of placebo responses have been studied in patients, the neurobiology of the clinician during treatment is unknown. This study investigated physicians' brain activations during patient-physician interaction while the patient was experiencing pain, including a 'treatment', 'no-treatment' and 'control' condition. Here, we demonstrate that physicians activated brain regions previously implicated in expectancy for pain-relief and increased attention during treatment of patients, including the right ventrolateral and dorsolateral prefrontal cortices. The physician's ability to take the patients' perspective correlated with increased brain activations in the rostral anterior cingulate cortex, a region that has been associated with processing of reward and subjective value. We suggest that physician treatment involves neural representations of treatment expectation, reward processing and empathy, paired with increased activation in attention-related structures. Our findings further the understanding of the neural representations associated with reciprocal interactions between clinicians and patients; a hallmark for successful treatment outcomes. (2014) 19, 392-398; doi:10.1038/mp.2012.195; published online 29 January 2013
INTRODUCTION
The placebo effect accounts for significant portions of clinical outcomes in many illnesses, including pain, depression and anxiety. [1] [2] [3] [4] [5] To date, most placebo research has focused on understanding the neural correlates of the patient's response to placebos. Little effort has been directed to understanding the physician component of the clinical dyad. This is especially noteworthy since evidence indicate that the physician interaction can be the most robust contributor to placebo responses 2 and meta-analyses of depression randomized controlled trials demonstrate that physicians were responsible for larger treatment effects (9.1%) than the difference between placebo and real drug (3.4%), 6 based on patients' subjective outcome measures. Recently, neuroimaging studies have moved beyond subjective reports by obtaining objective correlates of placebo-related changes in the patient's brain, for example in treatment of pain, [7] [8] [9] [10] [11] [12] depression, 13, 14 anxiety 15 and Parkinson's disease. 16 Evidence suggest that a patient's response to placebo analgesia is associated with increased activations in brain regionsincluding the prefrontal cortex 8, 9, 11, 17 and mesolimbic reward circuitry 18 -that may integrate noxious input with expectations of pain relief and thereby modulate pain through the release of various neurotransmitters. 8, 10, 19 Previous studies demonstrate that placebo responses are highly influenced by treatment expectations, in both the patient [20] [21] [22] and the treating physician. 23, 24 Thus, studying the placebo effect only from the patient's perspective will give an incomplete understanding of this process. To address this lacuna, we proposed an investigation of the neural correlates of physicians during treatment of patients.
We developed a unique setup for functional magnetic resonance imaging (fMRI) that would allow the physician to have direct face-toface interaction with a patient and perform a pain treatment paradigm while the physician's brain was scanned.
Recent findings from human experiments suggest that social interaction may be promoted by mirrored brain activations between individuals 25, 26 and evidence from empathy-for-pain studies reveal shared neural representations for own pain and other's pain. 27, 28 Here, we hypothesized that physicians' administration of pain relief would lead to increased activations in their own brain regions that have been suggested to be implicated in expectancy for pain relief, such as the right ventrolateral prefrontal cortex (VLPFC). 17, 29 We also hypothesized that physicians would activate regions previously implicated in reward and subjective value, such as the ventral striatum 18, 30 and the rostral anterior cingulate cortex (rACC), 7, 8, 10 while they alleviate pain of patients. Regarding the link between brain activations and behavioral traits, we hypothesized that physicians with high perspective-taking skills, 31 would display higher satisfaction during treatment and greater activations in our three pre-defined brain regions (VLPFC, rACC, ventral striatum) during treatment of the patient.
MATERIALS AND METHODS

The participating physicians
All physicians (n ¼ 18, 10 females, 8 males) had received their medical doctor's degree within the last 10 years and mean time since graduation was 3.5 years (s.d. ¼ 3). Nine different medical specialties were represented, ranging from clinical pathology to psychiatry; providing a broad range of patient experiences. The number of hours per week that physicians spent in direct contact with patients varied greatly due to their different specialties; mean 34 h per week (s.d. ¼ 24), ranging from 1 to 80 h per week. The inclusion criteria required that the physicians were righthanded, enrolled in residency training and that they did not specialize in pain medicine. Pain specialists were excluded because the sham analgesic device we adopted may have aroused suspicion for them. The Institutional Review Board at Massachusetts General Hospital approved the study and physicians were recruited though advertising at different Boston hospitals.
The patients
Two 25-year-old female confederates were trained to play the patient according to a rehearsed script. The two women played the patient in every second experiment, resulting in nine experiments each. They were both Caucasian and similar in demographic, social and personality aspects. Post-hoc analyses of behavioral and neuroimaging data ensured that there was no significant variance attributable to the person playing the patient. Physicians were told that their patient was a student who volunteered to participate in the study for a monetary compensation.
Procedure
The experiment included four steps: (1) a procedure where the physicians were given pain stimuli and personal experience of the effectiveness of the sham (placebo) analgesic device, to ensure its high credibility; (2) patientphysician interaction during a clinical examination; (3) physician fMRI scan during patient-physician interaction and treatment using the sham device; and (4) debriefing.
After giving informed consent, physicians were introduced to a thermal pain stimulator (Pathway-Cheps Medoc, Ramat Yishai, Israel) with a 3 Â 3 cm 2 heat probe. Ascending temperatures were applied to the physicians' volar forearm in order to find a temperature that would represent the physician's 'high-pain' rating, that is, 70 on a 0-100 NRS (Numeric Response Scale) and a 'low-pain' rating of 10 NRS. The duration of each stimulus was 5 s, presented at 30-s interval. Then, physicians were introduced to the sham analgesic device, an electrode on a wristband with wires to an electronics box. The experimenter explained that this was a custom-made Transcutaneous Electrical Nerve Stimulator and that it would have the potential to decrease thermal pain. The sham device was attached adjacent to the thermal stimulator on the physicians' arm. To manipulate the physicians' expectations of pain relief, they were first given three 'high-pain' stimuli while told that the analgesic device was turned off. During three following trials, the experimenter surreptitiously lowered the temperatures (fixed range of 31C) while telling the physicians that the analgesic device was turned on, giving the physicians the impression that the device was highly effective. The procedure was repeated one more time while told that the device was turned off using the 'high-pain' stimuli. Physicians were asked about their confidence that the analgesic device would be able to relieve thermal pain in a patient, using a scale from 0 to 100%.
Physicians were introduced to the patient and had 20 min to perform a clinical examination according to a given structure, including demographics, medical history, life habits, current medical problems and medications, respiratory examination, heart and blood pressure. The clinical examination was performed in order to establish a realistic rapport between the physician and patient before fMRI scanning, comparable to a standard US doctor's appointment. The Interpersonal Reactivity Index questionnaire 31, 32 was used to measure physicians' self-reported perspective-taking skills before the fMRI scanning session.
fMRI data acquisition Right after the clinical examination, physicians were placed in the scanner for an individual pain scan. The heat probe was placed on the physicians' left arm and a 10-min scan was performed during intermittent high-pain and low-pain stimuli. Then, the patient was led into the scanner room. The heat probe was taken from the physician and placed on the patient's arm instead. For more details on the fMRI setup, see Figure 1a . The physician was equipped with a response device in one hand that would allow for visual analog scale ratings. The response device had two treatment buttons and physicians were told that one button would activate the analgesic device and that the second button was a dummy button that was not connected to anything. There were three experimental conditions; 'treatment', 'no-treatment' and 'control'. During 'no-treatment', the patient received high intensity pain while the physician was prompted to press the dummy button, knowing there was no pain relief. The patient reacted with a high-pain facial expression during the 12 s of heat administration. During the 'treatment' condition, the physician was prompted to activate the analgesic device while believing that the patient was receiving the same high intensity heat. Based on the proven effectiveness of the analgesic device, the patient reacted with a neutral facial expression, giving the impression that the treatment was successful. The third condition was a control task, in which the physician was prompted to press the dummy button while informed that no heat was administered, resulting in a neutral observation of the patient. After each trial, the physicians were asked 'How do you feel?' on a scale ranging from À 10 (completely dissatisfied) to þ 10 (completely satisfied). The order of the three conditions was randomized within each run to eliminate any predictability Figure 1 . Experimental setup and physicians' satisfaction ratings during the three experimental conditions. (a) Illustration of the setup for the functional magnetic resonance imaging (fMRI) experiment. The physician is lying down in the scanner and the patient is placed opposite the physician, sitting on a chair. A heat pain stimulator is strapped onto the patient's arm and a sham analgesic device is attached adjacent to the heat stimulator. The physician holds a button box that allows for pressing a 'pain-relief button' , a 'control button' and performing selfratings on a visual analog scale. The physician and the patient are positioned so that they can have constant eye contact and the physician can see the patient from the waistline and up. Treatment instructions for the physician are displayed on a screen. (b) Results from physicians' self-ratings during fMRI scanning. After each experimental task, physicians were prompted to answer the question 'How do you feel?' . The physicians responded by moving a cursor on a horizontal visual analog scale anchored by À 10 'completely dissatisfied' and þ 10 'completely satisfied' . A within-subject statistical analysis of the physicians' ratings (ANOVA) validated that the three conditions 'treatment' , 'no-treatment' and 'control' were associated with significantly different feelings.
and the patient-physician interaction included a total of 27 trials, 9 for each of the three conditions.
Parameters of fMRI data acquisition
Measurements of brain activity were performed using a 3-T Siemens MRI System (Siemens, Erlangen, Germany) equipped for EPI (Echo Planar Imaging). Physicians were also scanned with a high-resolution MPRAGE sequence for a high-resolution anatomical image. One functional scan was performed during physician pain (192 volumes) and three scans were performed during patient-physician interaction (215 volumes each). Thirty axial interleaved slices (4-mm thick with 1 mm skip) parallel to the anterior and posterior commissure covering the whole brain were acquired with TR ¼ 2000 ms, TE ¼ 40 ms, flip angle ¼ 90, and a 3.13 Â 3.13 mm 2 in-plane spatial resolution. Visual presentation was performed using E-prime 2.0 software (Psychology Software Tools, Sharpsburg, PA, USA).
Statistical analyses
All statistical analyses of behavioral data were performed in SPSS 20.0 (Chicago, IL, USA). A statistical significance threshold of Po0.05 was considered and all tests were two-tailed. The difference in physicians' ratings between the three conditions, 'treatment', 'no-treatment' and 'control', was analyzed using a repeated-measures ANOVA (analysis of variance). Correlation analyses were performed using Pearson's r.
Pre-processing and analyses of imaging data were performed using the Statistical Parametric Mapping8 (SPM8) software (Wellcome Trust Centre for Neuroimaging, London, UK) and Matlab7.4 (Mathworks, Natick, MA, USA). All functional brain volumes were realigned to the first volume, spatially normalized to a standard EPI template, and finally smoothed using an 8-mm full-width at half-maximum isotropic Gaussian kernel. Highpass filtering of fMRI data (cutoff 128 s) and correction for temporal autocorrelations using AR(1) were also done. The univariate data analysis was performed using the general linear model. The individual design matrix for each physician (first-level) included a total of 15 regressors, including physicians' own pain and patient-physician interaction. A file containing the movement parameters for each individual (three translation, three rotation axes) was obtained from the realignment step and saved for inclusion in the model. Regression coefficients were estimated using least squares within SPM8. Specific effects were tested by creating contrasts of the parameter estimates, resulting in a t-statistic for each voxel. After the individual first-level estimations, a second-level analysis was performed using a one-way within-subject ANOVA with three contrasts: (1) 'treatment' versus 'control', (2) 'no-treatment' versus 'control' and (3) 'treatment' versus 'no-treatment'. The contrast between 'treatment' and 'control' was balanced since it compared two conditions where the patient was not in pain and had a neutral facial expression.
The physicians' brain activations during the initial pain scan ([painful stimulation-baseline]) was determined by a one-sample t-test and used as a mask for the patient-physician contrasts. A masking procedure is a conservative test for commonly or uniquely activated networks between two conditions, using an inclusive or exclusive mask. All analyses were performed using an initial image threshold of Po0.005 (uncorrected) with a spatial extent threshold of 30 contiguous voxels, and all reported results were FWE-corrected at the cluster level Po0.05. Extraction of parameter estimates was performed by extracting a 3-mm sphere around the peak voxel of a significant cluster.
RESULTS
Physician behavioral data
The demonstration of the sham analgesic device led to a significant decrease in physicians' ratings of experimental pain, t(17) ¼ 7.5, Po0.001. When the experimenter indicated that the device was turned off, physicians rated the painful experience on average 53 (s.d. ¼ 20) on a 0-100 Numeric Response Scale, compared with 30 (s.d. ¼ 14) when the analgesic device was 'turned on'. Physicians' expectancy of the device was high; they rated that they had on average 75% (s.d. ¼ 5) confidence that the device would relieve the patient's pain, rated on a 0-100 scale where 0 represented no confidence and 100 complete confidence.
The three different conditions during the fMRI experiment, 'treatment', 'no-treatment' and 'control', gave rise to significantly different ratings on the À 10 to þ 10 satisfaction scale, The physicians' confidence in the analgesic device, based on their 0-100% rating, was significantly correlated with ratings of satisfaction during the 'treatment' condition during the fMRI experiment, (r ¼ 0.65, Po0.01, two tailed). Moreover, physicians with high perspective-taking scores reported significantly higher satisfaction during the 'treatment' condition, indicated by a significant correlation (r ¼ 0.69, Po0.005, two-tailed), see Figure 2a .
Neuroimaging data
The initial fMRI scan, in which calibrated thermal pain was administered to the physicians, resulted in activation of several regions of the cerebral pain network; including the bilateral insulae, cingulum and secondary somatosensory cortex (S2) ( Table 1) .
During patient-physician interaction, the balanced contrast between 'treatment' versus 'control', resulted in increased activations in five different brain regions ( Table 2 ). When analyzing 'treatment' versus 'control' by using the physicians' own pain as an inclusive mask, there was overlapping activity in the right anterior insula (AI), bordering the inferior frontal gyrus ( [48, 26, 1] ; voxels 179; z-score 3.65); indicating involvement of a region previously implicated in empathy-for-pain tasks. When using the physicians' pain as an exclusive mask, all other findings of the 'treatment' versus 'control' contrast survived, emphasizing the independence of treatment-related brain activations, compared with overlapping regions of treatment and pain, reflected in the AI Figure 2 .
A regression analysis, using the 'treatment' versus 'control' contrast and the physicians' perspective-taking scores as covariate, confirmed our hypothesis about the impact of perspectivetaking skills on brain activations during treatment. A positive regression contrast revealed that higher perspective-taking scores were associated with increased activity in the rACC during treatment ([ À 12, 56, À 2]; voxels 183; z-score 3.41) (Figure 3b) .
Two clusters were significantly activated during 'no-treatment', compared with the control condition: the right TPJ ( [48,-46,10] ) and the right AI ( [48, 29, 1] ). The opposite contrast, indicating higher activity during the control condition, compared with 'notreatment', revealed significant activations in the bilateral ventral striatum ([9,26,1]) (see Figure 4) . As a validation of previous findings of brain activations associated with empathy-for-pain tasks, we used the physicians' own pain activations as an inclusive mask and found overlapping right AI activations for the physicians' pain and activations during the 'no-treatment' task ( [45, 20, 10] ; voxels 107; z-score 3.57). The use of the physicians' pain matrix as an exclusive mask for the 'no-treatment' contrast resulted in significant activations in the right TPJ ([48, À 46,10]; voxels 756; z-score 4.76), and left TPJ ([ À 27, À 88, À 8]; voxels 312; z-score 4.11), indicating that the activation of the TPJ was independent from the physicians own pain processing regions.
An exploratory analysis between 'no-treatment' AI activations ( [45, 20, 10] ) and 'treatment'-related activations, revealed a significant partial correlation (controlling for parameter estimates during the common control condition) between the AI and the VLPFC ( [48, 29, 1] ), r ¼ 0.66, Po0.05, Bonferroni corrected. There were no similar correlations between the AI and TPJ (r ¼ 0.41, P ¼ 0.15) or AI and ventral striatum (r ¼ 0.03, P ¼ 0.91).
DISCUSSION
The present data provide the first description of the neural correlates of the physician component of the clinical dyad. We found that physicians, while treating patients, activate the right VLPFC. Among other functions, this region has been implicated in placebo responses. For example, in experiments on placebo effects in volunteers, the orbitofrontal cortex and right VLPFC have repeatedly been activated during top-down modulation of pain and negative affect, 9, 11, 15, 17, 29 suggesting a cognitive mechanism for endogenous control of a variety of symptoms. It has been suggested that the VLPFC does not directly modulate incoming nociceptive signals. Instead, this region may represent expectancy for relief by exerting control over brain circuitries with neurochemical resources to modulate pain. 12, 17, 33 Herein, we speculate that physicians activated similar regions, during treatment of a patient, suggesting a model of the patient-physician relationship that includes two dimensions of expectancy processing.
In line with our hypothesis, the physicians' perspective-taking skills were correlated to brain activations and subjective ratings during the treatment condition. The perspective-taking score is an independent measure of the ability to imagine how things look from another person's perspective, 31 often referred to as the cognitive aspect of empathy. 34 High perspective-taking scores have previously been associated with greater somatosensory activations during observations of touch in others 35 and greater recruitment of brain regions involved in social cognition regions during a social belief task. 36 In line with previous validations of the relevance of perspective-taking skills in social interactions and clinical expertise, 37, 38 the present data suggest that physicians with high perspective-taking skills were more likely to activate the rACC during 'treatment' and, if our hypothesis is true, simulate the patient's pain relief. The rACC is a key region in a placeboassociated network, often activated in combination with the prefrontal cortex, [7] [8] [9] [10] 15 and further validated in studies of opioid receptor function. 12, 33 The rACC is also implicated in the coding of value 39, 40 and might therefore be a correlate of the physicians The initial statistical image threshold was Po0.005 with 30 contiguous voxels and all results were FWE-corrected at the cluster level. The contrast 'treatment' versus 'control' was balanced since the physicians got identical visual inputs during both conditions; the patient was not in pain and kept a neutral face during both conditions. The only difference was the physicians' knowledge that he/she had relieved the patient's pain during 'treatment' whereas the 'control' condition did not include any pain application in the first place. The extracted parameter estimates from the peak activations (3-mm sphere) during 'treatment' and 'control' are represented in the three bar-plots ( ± 1 standard error). A complete list of the significant areas can be found in Table 2 .
motivation to treat during the treating task. Future studies will have to verify if the ability of physicians to activate brain regions for pain control and subjective value during administration of treatment is related to measurable clinical outcomes in patients. Physicians had increased neural activity in the DLPFC during treatment, a region involved in several higher functions such as sequencing, planning, attention and working memory. Recent studies have demonstrated that the executive functions of the DLPFC are also applicable to social cognition, 41, 42 where the DLPFC may facilitate complex social reasoning and store social schemata used for familiar social interaction. 43 In the present study, the treatment condition was a highly directed social interaction of adhering to an experimental protocol with strict requirements that may have required more DLPFC involvement to sustain the social scheme. Also, it is likely that the treatment task required increased attention on the patient, a process that could contribute to increased DLPFC activity. 44 Also, the bilateral TPJ and the pSTS were activated during treatment, two regions well known for their role in social interaction. 45 Activity in the right TPJ/ pSTS may be predicted by social stimuli that describe a person's intentions. 46, 47 A possible role within this context is therefore that it represents the physician's increased reading of the patient's response during treatment. Along these lines, the DLPFC and the TPJ/pSTS may be crucial for reciprocal and efficient patientphysician interactions; however, these regions are activated by many types of social interactions, and may not have a specific role in relieving the pain of others.
The 'no-treatment' condition was comparable to previous neuroimaging studies that used empathy-for-pain paradigms, 27, 28 meaning that the physicians were watching the patient in pain without giving any pain relief. The contrast 'no-treatment' versus 'control' represented two significantly different facial expressions in the patient: 'no-treatment' was associated with a high-pain facial expression and the 'control' condition was associated with a neutral face. Our data display a functional overlap in the AI for the 'no-treatment' condition and the physicians' own pain, possibly reflecting a previously described empathy-for-pain function reflected in the AI. 27, 28 However, the anterior insula is a structure with many functions that might reflect a broader type of emotional and homeostatic mapping and regulation. 48 The significant correlation between AI activations during 'notreatment' and VLPFC activations during 'treatment' points towards a reciprocal relationship between the experience of 
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Abbreviations: ANOVA, analysis of variance; DLPFC, dorsolateral prefrontal cortex; pSTS, posterior superior temporal sulcus; TPJ, temporoparietal junction; VLPFC, ventrolateral prefrontal cortex. All contrasts are derived from a one-way within-subject ANOVA, including three conditions: 'treatment' , 'no-treatment' and 'control' . Coordinates (x, y, z) correspond to the anatomical space as defined in the MNI standard brain atlas. All reported clusters are FWE-corrected at the cluster level.
other's pain and the ability to simulate the patients' pain relief. Successful social interactions depend heavily on predictions of the thoughts and intentions of others 45 and it is possible that AI activations during an empathy-for-pain task provides learning for predictions of the patient's reactions during treatment.
The increased activation of the ventral striatum during the 'control' task, compared with 'no-treatment', may indicate a relative feeling of relief/reward since no heat stimuli were given to the patient. The ventral striatum is a key region for dopaminerelated reward processing 49 and has been also been observed in placebo analgesia. 15, 18, 30 It is possible that the activation of the ventral striatum reflects the physicians' subjective level of well being during the experiment without necessarily representing the interaction with the patient. The activation of the reward circuitry during treatment may represent a motivational aspect of relieving the patient's pain, similar to the suggestions by Decety and Porges 50 who found increased involvement of the ventral striatum during imagination of relieving the suffering of others. The correlation between ratings of satisfaction and high perspectivetaking scores, and between ratings of satisfaction and increased activation of the rACC during 'treatment', might be related to the activity of ventral striatum, based on the known interaction between opioid-and dopamine-related reward processing in the brain. 51 One limitation of our study is that we did not measure the physicians' neural response to expectations for their own pain relief. We plan to do this in a future experiment.
In summary, understanding the neural underpinnings of the clinician component of the clinical dyad may be important for the understanding and improvement of treatment efficacy. We propose that a complex set of brain events, including deep understanding of the patient's state, close monitoring and feedback of the patient's expressions, possibly in combination with the physician's own expectations of relief and feelings of reward, may be involved in successful treatment interactions. Previous behavioral research imply that physicians' expectancies modulate clinical outcomes 23, 24 and further research is warranted to see whether their activations of expectancy and reward-related brain regions are related to clinical outcomes.
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